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Active Circuit Elements 


components. They do not change their behaviour or physics and therefore always have the same response to 
them to make amplifiers, calculators and computers. 

The Diode 


A diode is an electronic device that allows current to flow in one direction only. 


:onductors joined together so that tb 
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semiconductor blocks attached together. Neither block is made of pure silicon — they are both doped. 

'positive', meaning a lack of electrons, although the material is actually neutral. The locations where 
electrons are missing are called holes. This material can conduct electricity well, because electrons can 
move into the holes, making a new hole somewhere else in the material. Any extra electrons introduced 
into this region by the circuit will fill some or all of the holes. 

In n-type semiconductor, the situation is reversed. The material has more free electrons than normal 
semiconductor. 'N' stands for 'negative', meaning an excess of electrons, although the material is actually 

When a p-type semiconductor is attached to an n-type semiconductor, some of the free electrons in the 
n-type move across to the p-type semiconductor. They fill the available holes near the junction. This means 

across to fill the holes). This makes this n-type semiconductor positively charged. It used to be electrically 

The region of p-type semiconductor nearest the junction now has no holes (they've been filled in by the 
migrating electrons). This makes the p-type semiconductor negatively charged. It used to be electrically 


p-type n-type 



very high the other way. 

You can explain the high resistance in a different way. A free electron in the n-type semiconductor will be 
repelled from the p-type semiconductor because of its negative charge. The electron will not go into the 
depletion band, and certainly won't cross the band to the p-type semiconductor. You may ask, “But won't a 
free electron in the p-type semiconductor be attracted across the band, carrying a current?” But there are 
no free electrons in p-type semiconductor, so no current of this kind can flow. 

If the diode is reverse-biased, the + terminal of the battery is connected to the n-type semiconductor. This 
makes it even more negatively charged. It also removes even more of the free electrons near the depletion 

free electrons and fill in more of the holes next to the depletion band. Both processes cause the depletion 
band to get wider. The resistance of the diode (which was already high) increases. This is why a reverse- 
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attempt to cross the depletion band. 

On the other hand, if the diode is forward biased, the depletion band is made narrower. The negative 
charge on the p-type silicon is cancelled out by the battery. The greater the voltage used, the narrower the 
depletion band becomes. Eventually, when the voltage is about 0,6 V (for silicon) the depletion band 

The Diode 


1. What is a diode? 

2. What is a diode made of? 

3. What is the term which means that a diode is connected the 'wrong way’ and little current is 
flowing? 

4. Why is a diode able to conduct electricity in one direction much more easily than the other? 

The Light-Emitting Diode (LED) 


A light-emitting diode (LED) is a diode device that emits light when charge flows in the correct direction 
through it. If you apply a voltage to force current to flow in the direction the LED allows, it will light up. 


Light-emitting diode (LED) 



Cathode 


cathode labeled. 

Circuit Symbols 


schematic symbols of all light-emitting semiconductor devices. Conversely, if a device is light¬ 
pointing toward it. It is interesting to note, though, that LEDs are capable of acting as light-sensing 
devices: they will generate a small voltage when exposed to light, much like a solar cell on a small 
scale. This property can be gainfully applied in a variety of light-sensing circuits. 

near-ultraviolet, visible or infrared part of the electromagnetic spectrum. 


Nick Holonyak Jr. (1928) of the University of Illinois at Urbana-Champaign 
developed the first practical visible-spectrum LED in 1962. 
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The wavelength of the light emitted, and therefore its colour, depends on the materials forming the 
p-n junction. A normal diode, typically made of silicon or germanium, emits invisible far-infrared 
light (so it can't be seen), but the materials used for an LED can emit light corresponding to 
near-infrared, visible or near-ultraviolet frequencies. 


LED applications 


, e.g. on/off lights on professional ins 


infrared LEDs in remote controls (for TVs, VCRs, etc.) 

clusters of LEDs are used in traffic signals, replacing ordinary bulbs behind coloured glass 


mostly replaced by LCDs 
red or yellc 


ised in indicator and [alphanumeric displays in environments 
be retained: aircraft cockpits, submarine and ship bridges, 


3. red or yellow LEDs are also used in ph 


is, for p: 


e of the film 

9. illumination, e.g. flashlights (a.k.a. torches, UK), and backlighting for LCD screens 

10. signaling/emergency beacons and strobes 

11. movement sensors, e.g. in mechanical and optical computer mice and trackballs 

12. in LED printers, e.g. high-end colour printers 




tie bulb, is 


e, rather than the abrupt burn-out of incandescent bulbs. 
:andescent light bulbs and are less fragile than fluorescent 


Because they are monochromatic, LED lights have great power advantages over white lights where 
a specific colour is required. Unlike the white lights, the LED does not need a filter that absorbs 
most of the emitted white light. Coloured fluorescent lights are made, but they are not widely 
available. LED lights are inherently coloured, and are available in a wide range of colours. One of 
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nm) that meets the legal requirements for traffic signals and navigation lights. 


The largest LED display in the world is 36 m high, at Times f 
New York, U.S.A. 


There are applications that specifically require light that does not contain any blue component. 
Examples are photographic darkroom safe lights, illumination in laboratories where certain photo¬ 
sensitive chemicals are used, and situations where dark adaptation (night vision) must be 
preserved, such as cockpit and bridge illumination, observatories, etc. Yellow LED lights are a good 

The Light Emitting Diode 


1. What is an LED? 

2. List 5 applications of LEDs. 


Transistor 


The diode is the f 



current flowing through them. 


conduct in only one direction, but it cannot control the size of an elec 
nphcated electronic components which can control the size of the ele 


current which flows through the speakers. 


One of the earliest popular uses of transistors was in cheap and portable 


de as it is acting as a remotely controlled switch. A 
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Bipolar Transistors 


thin layer of p-type semiconductor is in between two thicker layers of n-type semiconductor. This is 
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► = large, cnntmUad current 



The Field Effect Transistor (FET) 


To control a bipolar transistor, you control the current flowing into or out of its base. The other 
type of transistor is the field effect transistor (FET). FETs work using control voltages instead. 
Accordingly they can be controlled with much smaller currents and are much more economic to 
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No-one would build a computer with billions of bipolar tra: 
the current in each transistor's base might be small, but wl 
add up all of the base currents in the millions of transistors 

and making a great deal of heat. Not only is this wasteful, ii 
transistors were too close together, they would overheat. 



A field effect transistor (FET). The diagram on the top shows the semiconductor structure. The 

The three terminals of the FET are called the source (S), drain (D) and gate (G), as shown in 
(Reference) 0 . When the gate is not connected, a current of electrons can flow from source (S) to 
drain (D) easily along the channel. The source is, accordingly, the negative terminal of the 
transistor. The drain, where the electrons come out, is the positive terminal of the transistor. A few 
electrons will flow from the n-type channel into the p-type semiconductor of the gate when the 
device is manufactured. However, as these electrons are not removed (the gate is not connected), a 

junction between gate and channel reverse-biased. Accordingly no current flows from the source 

becomes wider. This enlarged depletion band takes up some of the space of the channel. So the 
lower the voltage of the gate (the more negative it is relative to the source), the larger the depletion 
band. The larger the depletion band, the narrower the channel. The narrower the channel, the 


The voltage of the gate is not the only factor affecting the current of electrons between the source 
and the drain. If the external circuit has a low resistance, electrons are able to leave the drain 
easily. If the external circuit has a high resistance, electrons leave the drain slowly. This creates a 
kind of 'traffic jam' which slows the passage of further electrons. In this way, the voltage of the 

Once these two factors have been taken into account, it is fair to say that the positive output voltage 
(the voltage of the drain relative to the source) is proportional to the negative input voltage (the 
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voltage of the gate relative to the source), 
bipolar transistor which is a current amplifier. 

Field Effect Transistors 


1. What are the two types of bipolar transistor? How does their construction differ? 

2. What are the three connections to a bipolar transistor called? 

3. Why are very few electrons able to flow from emitter to collector in an NPN 
transistor if the base is not connected? 

thick? 

5. “The bipolar transistor is a current amplifier.” What does this statement mean? 

6. Describe the structure of a FET. 

7. Define what is meant by the source, drain and gate. During normal operation, what 
will the voltages of drain and gate be with respect to the source? 

8. Describe how a depletion layer forms when the gate voltage is made more negative. 
What controls the width of the depletion layer? 

9. “The field effect transistor is a voltage amplifier.” What does this statement mean? 

contains many field effect transistors. Bipolar transistors are more rugged and less 
sensitive to interference than field effect transistors, which makes them more 
suitable for a simple radio. Why are FETs preferred for the computer? 

The Operational Amplifier 


The operational amplifier is a special kind of voltage amplifier which is made from a handful of bipolar or 
field effect transistors. Operational amplifiers are usually called op-amps for short. They are used 

also have many other uses in other circuits - for example comparing voltages from sensors. 

Operational amplifiers are supplied on Integrated Circuits (I.C.s). The most famous operational amplifier 
terminals. Other varieties can be bought, and you can get a single integrated circuit with two or four 

and one output terminal. The voltage of the output terminal is proportional to the difference in voltage 

The two input terminals are drawn on the left. One input terminal (labelled with a + on diagrams) is called 
the non-inverting input. The other input terminal (labelled — ) is called the inverting input. The 
labels + and ~ have nothing to do with the way in which the operational amplifier is connected to the 
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case with op-amps. For an op-amp,' oV refers to the voltage midway between the + and - ofthesupply. 


inverting input terminal 


output terminal 


non-inverting input terminal 



The output voltage of the amplifier V ou t is given by the formula V ou t = A(V+ ~ V- ) where A is a 
constant called the open loop gain, and V+ and V- are the voltages of the two input terminals. That 
said, the output voltage can not be less than the voltage of the negative terminal of the battery supplying it 
or higher than the positive terminal of the battery supplying it. You will notice that Vout * s positive if 
V+ > V- and negative if V+ < V- . This is why the - input is called the inverting input: raising its 

the input terminals during operation. 

If all of the transistors in the operational amplifier were identical then the output voltage would be zero if 
trimming potentiometer is connected. This is adjusted until the op-amp is zeroed correctly. 

Simple operational amplifiers require the trimming potentiometer to be built into the circuit containing 

separate terminals for the trimming potentiometer. These special terminals are labelled offset on the 
manufacturer's diagram. The exact method of connecting the potentiometer to the offset terminals can 
depend on the design of the operational amplifier, and you need to refer to the manufacturer's data sheet 
for details of which potentiometer to use and how to connect it. 

A is very large and does not stay constant. Values of too ooo are typical. Usually a designer would want an 
amplifier with a stable gain of smaller value, and builds the operational amplifier into a circuit like the one 
in Figure 10 C#uid 7 6) . 
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Calculating the gain of the amplifier in Figure 10 (#uid76) , 


current flows into the inverting input of the op-amp. Accordingly, the current through 
the ratio of the voltage across R \ to the voltage across R 2 is the same as the ratio of the 
2. The open loop gain A. of the op-amp is very high. Assuming that the output voltage is less 

transistors within the op-amp are very similar, the output voltage will only be zero for zero 
input voltage if V+ is very close to zero. We shall assume that V+ = 0 when the 
trimming potentiometer is correctly adjusted. 

4. It follows from the last two statements that V- ~ 0 , and we shall assume that it is zero. 

5. With these assumptions, the voltage across R 2 is the same as Vout> and the voltage across 
R 1 is the same as Vin . Since both resistors carry the same current (as noted in point 1), we 
may say that the magnitude of Vout/Vin = R 2/R 1 • However, if Vjji is negative, 
then V 0 ut will be positive. Therefore it is customary to write the gain of this circuit as 

VoutIVin = ~R 2 IR 1 ■ 

Operational Amplifiers 


1. What are operational amplifiers used for? 
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